autoclave at a given reaction temperature is determined as a sum of the pressures MANY RESEARCH EFFORTS have been funded to of water and gases which are introduced make wet oxidation systems commercially into t h e reactor at a room temperature available for the purpose of treating before the beginning of the experiment. organic wastes, particularly sewage Therefore, it is impossible to keep the sludge, and since 1957, the Zimmermann reaction pressure below a saturated vapor Process (Zimpro) has been successfully pressure of water at the given reaction l~sed in the USA, Japan and other temperature. countries. This system seems useful in a Before an experiment,it is necessary Closed Ecological
Life Support System to introduce enough oxygen gas into the (CELSS) to treat and reduce organic reactor so as to accomplish the intended components of wastewater from plants, oxidation. The rate of oxygen gas in the human beings and s o on, into inorganic reactor to the chemical oxygen demand
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'r (COD) of a raw m a t e r i a ' l t ?$sa:<al3ed. -:addex: oxygen i n d e x ( R ) ' . I n t h e case of R = l , i t means t h a t t h e e x a c t q u a n t i t y of oxygen h a s been added t o o x i d i z e t h e raw mhterials c o m p l e t e l y . P u r e oxygen gas o r a m i x t u r e o f oxygen and n i t r o g e n gases h a s been used.
Even a f t e r t h e d e t e r m i n a t i o n of I ? , i t i s p o s s i b l e t o exchange t h e gas r a t i o of oxygen t o n i t r c g e n a t w i l l .
You have o n l y t o i n c r e a s e o r decrease t h e c~olume o f t h e raw m a t e r i a l . Sewage s l u d g e I S u s e d a s a raw m a t e r i a l .
EFFECTS OF THE REACTION TEMPERATURE
CARBON -F i g . 1 shows t h e r e l a t i o n between t h e r e a c t i o n t e m p e r a t u r e and total o r g a n i c carbon(TOC).The t e m p e r a t u r e i s i n c r e a s e d f r o m l l O°C t o 310°C a t an i n t e r v a 1 o f 50 O C . P r e s s u r e s a r e a1 1 s e t a t 75kgf/cmA2 e x c e p t i n t h e case o f 310
"C, where t h e p r e s s u r e i s c o n t r o l l e d a t 115kgf/cmA2.The r e a s o n why h i g h p r e s s u r e s a r e a p p l i e d a t l o w e r t e m p e r a t u r e s o f 1 1 C O C o r 160°C w i l l b e d i s c u s s e d l a t e r . The r e a c t i o n t i m e , a f t e r t h e t e m p e r a t u r e o f t h e r e a c t o r r e a c h e d t h e d e s i g n e d t e m p e r a t u r e , i s 30 m i n u t e s . Added oxygen i~d e x ( R > i s u n i t y and p u r e oxygen i s used a s an oxygen source. a s t h e p e r c e n t a g e o f carbon q u a n t i t i e s of t h e raw m a t e r i a l v e r s u s t h e r e s p e c t i v e t e m p e r a t u r e .
The b e h a v i o u r o f TOC(mix) c u r v e s i n t h e f i g u r e shows t h a t t h e o x i d a t i o n o c c u r s when t h e t e m p e r a t u r e i s h i g h e r t h a n l C O°C , and t h i s p r o c e s s becomes more , a c t i v e a t t h e h i g h e r t e m p e r a t u r e . Howeverwhen t h e t e m p e r a t u r e exceeds 260 O C , t h e r e a c t i o n w i l l n o t p r o c e e d any more.
The v a l u e o f T O C ( f i 1 t ) i n c r e a s e s w i t h t h e i n c r e a s e of t e m p e r a t u r e and passes t h r o u g h the h i g h e s t v a l u e i n t h e r a n g e of 160 O C t o 210 'C, t h e n i t decreases and approaches t o t h e c u r v e o f TOC(mix) a f t e r 210°C.
I n t h e case where t h e raw m a t e r i a l i s sewage s 1 udge , so 1 ub i 1 i z a t i on of suspended organ i c compounds o c c u r s f i r s t a t a t e m p e r a t u r e l e s s t h a n 160 O C , t h e r W i t h t h e i n c r e a s e o f r e a c t i o n temperature, amount o f C -C o r g a n i c 2 6 a c i d s i n c r e a s e s and t h e i r q u a n t i t y r e a c h e s t w o -t h i r d s o f TOCtmix) a t t e m p e r a t u r e s h i g h e r t h a n 260°C.
On t h e o t h e r hand, t h e r a t i o o f a c e t i c a c i d i n C, -C o r g a n i c a c i d s i n c r e a s e s w i t h t h e
L 6 i n c r e a s e o f t h e r e a c t i o n temperature. When i t reaches 260 "C, a c e t i c a c i d o c c u p i e s n e a r l y t h e t o t a l amount o f C -C o r g a n i c a c i d s , and m a i n t a i n s t h i s am&$ independent 1 y t o t h e i n c r e a s e o f t e m p e r a t u r e t h e r e a f t e r .
T h i s does n o t mean t h a t t h e r e a c t i o n h a d reached e q u i l i b r i u m .
A c e t l c a c i d , whose c o n c e n t r a t i o n r a n g e s f r o m z e r o t o 1 6 g / l as c o n v e r t e d c a r b o n q u a n t i t i e s NITROGEN - Fig.2 shows t h e r e l a t i o n between t e m p e r a t u r e and n i t r o g e n o u t p u t . 
A s t h e t e m p e r a t u r e becomes h i g h e r
50 -Phosphorus P r e s s u r e . 7 5 k z i / c m 7
( 1 1 5kgf/crn2 For 310'C) 3 e r e n t . l o n 71me : jOmln. In CELSS, the w e t oxidation should f u~c t i o n to re-supply nutrient sources PHOSPHORUS - Fig.3 shows the relation between the temperature and phosphorus output.
The percentage of total and soluble(fllterable> phosphorus ln the oxidized liquor to the quantity of raw material versus the respective case of sewage sludge. In this respect, the study of phosphorus is greatly needed.
EFFECTS OF THE REACTION TIME CARBON - Fig.4 figure. finished before the reaction temperature The oxidation at 260 O C occurs reaches the designated temperature, C -C6 markedly in the Initial 15 minutes; But organic aclds reach their maximum wighin after tbat, the reaction curve declines -gradually. Fig.4 . "C, even if the reaction time exceeds 45 kmlnutes. The solubillzation has finished -before-the temperature ~f the reactor .-'reaches the designated temperature. As a result, TOC!filt) quantity will be the same as TOC(mix). N~trogen - Fig.6 shows the status of the nitrogen over time. The conditions in fiy.6 are the same as the ones of in fig.5 experimentally and materially. The solubilization of the suspended nitrogen compounds has finished before the reactor has reached t h e designated temperature. The dissolved nitrogen compounds has led to ammonia in the same time. After the designated temperature has been realized, the Kjeldahl-nitrogen curve declines gradually with time. It is also known that cyanates in raw materials are oxidized to ammonia at 100 e -c e n t , and 0.01 per cent of -. it rernai~ls in gas.
Sulfur, sulfide'or s u l f~t e , iu oxidized to sulfate ,and remairls in 1 isuid. Sodium, potassium :and 1 o r e ions are intact under the wet oxi.dation, and remaln in liquid.
There are w a r -i ous kinds of -mater i,a 1 s , some are easy to oxidized, and-some are r,ot. The research of wet oxidation in *the CELSS project should start based on :the el abo! ate choice of suitable -raw materials.
In CELSS. raw materials will a be fig.9 . Fig.9 shows that the oxidized ratio depends on the reaction temperature only. This fact is true also in the case in which a mixed gas of oxygen and nitrogen is used as an oxygen source.
It means that a pure oxygen gas is not a necessary material a s an oxygen source in the wet (*)The experimental conditions adopted in fig.l-3 From a sewage-sludge-treatment point of view, the authors have been engaged in research to develop the catalysts so that the wet-oxidat~on system can exhibit a similar function to a usual combustion furnace system, and remove nitrogen from 1 iquid.
As the result of surveys, it has become clear that noble metals such as Pt, Fd, R h and Ru among the transition elements are hopeful as catalysts. These metals are needed to be supported on carriers made of alumina and titania etc.
To prevent suspended particles in liquid from poisoning a chtalyst, filtrated-wet-oxldized-sewage-sludge catput is used in the wet oxidation tests on the catalysts. One catalyst has been used 20 times in wet oxidation of fresh 'filtrates. The results are as follows.
When a Pt or Pd catalyst is used, qitrogen in the liquid is denitrified at 100 per cent. When a Ru or Rh catalyst is used, a half of nitrogen in the liquid is denitrified. The rest remains in the liquid as a nitrate when Ru is used and as ammonia when Rh is.
On the other hand, organic compounds are not catalytically oxidized at all, when Pt is used. The wet-oxidized output of TOC decreases to a half of a control, when Rh is used. The oxidation c.$talysis 
(tines) ( t i m e s )
? .
Fig.10 Effects of Rh Catalyst
bf Ru or Pd 1s better than that of Pt 2nd ~~o r s e than that of Rh. The result of Rh is shown in fig.10 .
Good catalysts for both oxidation and nitrification have not yet been found up to now. Therefore, research should be initiated to develop the catalysts which shall be involved in a recycling system of CELSS, will not be poisonous , to working staff as well as living things in a space station, and shall have a effective catalysis for oxidation and nitrification.
CONCLUSIONS
The behaviors of various kinds of materials in wet oxidation were shown and the applicability of wet oxidation to CELSS was discussed. In Japan, a wetoxidation facility for CELSS has been designed already. In this , , regard, the following projects are to start promptly:
(1)To manufacture a trial wet-oxidation f a c i 1 zty, 
